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ABSTRACT

In vitro studies revealed that a 24-hour preirradiation treatment of an amnion cell
line with yeast RNA increased cell survival in proportion to the yeast RNA content
in the medium. Conversely, ribonuclease treatment increased radiosensitivity. How-
ever, the protective response was observed only after 8 to 10 hours of preirradiation
treatment with yeast RNA. Some increase in cell survival was recorded at 4 to 6 hours
when an alkaline hydrolysate of yeast RNA was used.

Microspectrophotometric measurements of cytoplasmic basophilia revealed sub-
stantially increased optical density within 4 hours of incubation with RNA. The delay
in a protective response during this period may have been due to the time required
for digestion and resynthesis into an active radioprotective agent. A correlation be-
tween RNA synthesis and the radioprotective response confirmed this hypothesis.

This technical documentary report has been reviewed and is approved.

ROBERT B. PAYNE 5

Golonel, USAF, MSC
Chief, Operations Division
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A CORRELATIVE STUDY OF RNA CONTENT AND THE DEGREE OF
RADIORESISTANCE OF CELLS IN VITRO

1. INTRODUCTION

Previous reports (1, 2) have indicated that
the amount of ribonucleic acid (RNA) added
to culture medium prior to 700 r gamma radia-
tion increases the survival rate of amnion cells
in proportion to the RNA content of the media
to a maximum of 0.2 mg./ml. Recently this
finding was extended by the observation that
depolymerized ribonucleic acid had a similar
effect with maximum protection being achieved
at 0.3 mg./ml. (3). These data suggest that
within certain limits the radioprotective re-
sponse of the cells in vitro can be correlated
with quantitative amounts of yeast RNA in the
medium, and presumably within the cell. It
was observed, however, that the protective re-
sponse occurred only after 8 to 10 hours of
preirradiation treatment with yeast RNA and
after 4 to 6 hours’preirradiation treatment with
depolymerized RNA. If yeast RNA acts as a
radioprotective agent when ingested, one might
predict that the intracellular RNA content was
being modified only after 4 to 8 hours. To test
this hypothesis, an attempt was made to meas-
ure intracellular RNA content and correlate
such levels with the degree of radioresistance of
cells in vitro.

2. SUMMARY

In vitro studies revealed that a 24-hour
preirradiation treatment of an amnion cell line
with yeast RNA increased cell survival in pro-
portion to the amount of yeast RNA added to
the medium. Conversely, ribonuclease resulted
in an increased radiosensitivity in this system.
When the preirradiation treatment period was
varied from 4 to 24 hours, the protective re-
sponse was observed only after 8 to 10 hours
with yeast RNA. Some increase in cell survival

was recorded at 4 to 6 hours when an alkaline
hydrolysate of yeast RNA was used.

Microspectrophotometric measurements of
cytoplasmic basophilia suggested that yeast
RNA was ingested by the cells in substantial
amounts within 4 hours, The delay in a pro-
tective response during this period may have
been due to the time required for digestion and
resynthesis into an active radioprotective
agent. A strong correlation between RNA
synthesis (as seen during depolymerized RNA
ingestion) and the radioprotective response
seemed to confirm this hypothesis.

3. MATERIALS AND METHODS

Duration of RNA treatment

The Fernandes line of amnion cells was
used as the test object for all experiments. A
total of 64 T-30 flasks were seeded with 250,000
such cells per flask. After a 24-hour incubation
period one-half of the cultures were treated with
0.1 mg./ml. yeast RNA for periods ranging
from 4 to 24 hours. An equal number of con-
trol flasks were kept for equivalent periods of
time with control medium. After treatment,
medium was removed from all flasks and the
cells were irradiated with 700 r gamma radia-
tion in an air phase. Fresh control medium
was then added and the cultures were incubated
for 4 days. Cells from each flask were then
trypsinized, washed, and suspended in saline,
and enumerated with the aid of a Coulter
electronic cell counter. The ratio of the number
of surviving cells in treated cultures to the
population of control flasks was calculated. A
similar procedure was followed for cells given
a preirradiation treatment with 0.2 mg./ml.
depolymerized RNA (obtained from an alkalive
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hydrolysis of commercial yeast RNA as de-
scribed in an earlier report (8)). The treat-
ment periods with this substance, prior to
irradiation, ranged from 2 to 24 hours. An
addilional parameter was examined by treating
10 flasks of amnion cells for a 2-hour period
with depolymerized RNA, followed by an ex-
change with normal Eagle’s medium, and by
incubating for a period of 4 hours prior to
700 r gamma radiation. An additional 10 flasks
served as controls for this experiment.

Treatment with ribonuclease

Fifteen T-30 flasks were seeded with
250,000 amnion cells per flask. Five of these
flasks were treated with 0.5 mg./ml. com-
mercial ribonuclease for a 1-hour interval,
5 were treated with the same concentration of
ribonuclease for a 2-hour period, and the re-
maining 5 served as controls. After incubation
in ribonuclease, all experimental and control
cells were subjected to 700 r gamma radiation
in an air phase. The medium was changed and
the flasks were incubated for 4 days. The cells
from each flask were then harvested by
trypsinization, washed, suspended in saline, and
enumerated with the aid of the Coulter cell
counter.

Estimation of intracellular RNA content

Amnion cell populations, growing on flying
coverslips in roller tubes, were treated for
varying periods ranging from 0 to 10 hours,
with either 0.1 mg./ml. yeast RNA or 0.2
mg./ml. depolymerized RNA dissolved in
Eagle’s medium. Following the incubation
period, the cells were fixed and stained with
methyl green-pyronine as described by
Brachet (4). The basophilia of the cytoplasm
of cells in each culture was estimated with the
microspectrophotometric technic as modified
by Rounds and Pomerat (5), using a wave-
length of 5656 mu. The optical density of
cytoplasmic basophilia, less the optical density
of ribonuclease-treated control cells, was con-
gidered a relative estimation of the cytoplasmic
RNA content.
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4. RESULTS

The radiosensitivity of amnion cells after
treatment with either yeast ribonucleic acid
or ribonuclease appeared to be correlated with
the amount of intracellular RNA (table I). The
response of cells treated in a range from 0.01
to 0.1 mg./ml. yeast RNA showed an 11%
to a 79% increase in the surviving cell popula-
tion as compared to control cultures. Con-
sistent with this trend was the finding that
ribonuclease-treated amnion cells appeared to
show an increase in radiosensitivity after 1- or
2-hour treatments. The data suggested that
approximately 20% fewer cells survived 700 r
gamma radiation when treated with ribonu-
clease.

TABLE 1

Surviving human amnion cell population 4 days
after 700 r gamma radiation

Duration of D Treated/

Agent treatment ose 1 control
(hours) (mg./ml.) ratio
Yeast RNA 24 0.1 1.79
Yeast RNA 24 0.06 1.43
Yeast RNA 24 0.01 111
Control —_ — 1.00
Ribonuclease 1 0.5 0.81
Ribonuclease 2 0.5 0.77

Surviving cell populations which were in-
cubated for varying periods of time in the
presence of yeast RNA prior to 700 r gamma
radiation indicated a variable response: the
4-hour treatment produced an increased sensi-
tivity, and 8-hour periods or longer resulted
in increased resistance to gamma radiation
(fig. 1). In comparison, the populations which
survived radiation, following incubation with
the hydrolyzed RNA, showed an increase in
radioresistance at 4- and 6-hour treatment
periods, with a maximum apparently occurring
at 12 hours. Cells exposed to the depolymerized
RNA for 2 hours, then irradiated after an ad-
ditional 4 hours’ incubation in control medium,
showed approximately the same response as
cells exposed for a full 6-hour period (table II).
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FIGURE 1

The response of ammnion cells to 700 r gamma radiation.
Each point represents the treated/control ratio of surviving cell
populations derived from counts of 5 to 10 flasks each of ex-

perimental and control cultures.

TABLE II

The response of amnion cells to 700 r gamma
radiation following incubation in 0.2 mg./ml.
depolymerized RNA

Preirradiation treatment | Treated/control ratio of
period (hours) surviving cell numbers

0 1.00

2 0.91

4 112

6 1.21

2/6* 1.19

8 1.28

12 1.44

24 143

*Cells were treated with the RNA hydrolysate for the first
2 hours of a 6-hour incubation period.

Optical density measurements of cells in-
cubated in the presence of yeast RNA indicated
a rapid uptake of this material into the cyto-
plasm, reaching a maximum at approximately
4 to 6 hours of incubation (fig. 2).

When the radioresponse rate of the cell
population to gamma radiation was superim-
posed on the rate of RNA uptake, it was ob-
served that the elevated cytoplasmic RNA con-
tent at the 4-hour interval was associated with
an increase in radiosensitivity. As the rate
of RNA ingestion decreased, the radioresistance
began to increase, reaching a maximum at
12 hours of incubation.

The estimated amount of cytoplasmic
basophilia, following incubation with the de-
polymerized RNA, indicated that the oligo-
nucleotides and polynucleotides were ingested
by the cell within a 1-hour period of incubation.
Following this initial increase in stainability,
the 2- and 3-hour intervals indicated an average
optical density equivalent to control values,
suggesting degradation to mononucleotides.
The apparent synthesis of a basophilic sub-
stance was associated with an increase in the
staining reaction from the 8d to 10th hour of
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FIGURE 2

The relative RNA content, in arbitrary wunits, of
amnion cells incubated in 0.1 mg./ml. yeast RNA for
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24 1.8

5 e

Weol he 2

2 [+ 4

(=]

il | 1.3 6’
[+ 4

< [
z

Z /os\ 1.2 o

@ I | (8]

1
I o

w | ' o

> ¢ o w

= (W o= wmo AVG. DENSITY/ CELL =

F s ° 10 €

< o=—=e RADIATION RESPONSE W

2 [\ &
-

x * 9

[1 ) . . ) e »n
TREATMENT PERIOD (hrs)

FIGURE 3

The relative RNA content, in arbitrary units, of amnion
cells incubated in 0.2 mg./ml. depolymerized RNA for vary-
ing periods of time (broken line). Superimposed on the
same time scale is the radiation response of depolymerized
RN A-treated cells taken from figure 1 (eolid line).



incubation in the depolymerized RNA (fig. 3).
The radioresponse of amnion cells following
similar treatment intervals indicated that a
minimal radioprotective response occurred
after 2 hours of incubation, followed by a rapid
increase in radioresistance between 2 and
12 hours (fig. 8). The rate of increase of
radioresistance showed a correlation with the
rate of increased basophilia of the cytoplasm
from 3. to 10-hour intervals.

5. DISCUSSION

The work by Schwarz and Rieke (6) in-
dicates that malignant cells can ingest macro-
molecular RNA, In addition, Borenfreund and
Bendich (7) have indicated that polymerized
nucleic acid (DNA) may be incorporated intact
into HeLa cells within a 2-hour period. These
reports suggest the possibility that HeLa and
KB cells may incorporate the polymerized yeast
RNA as well as amnion cells. Rounds (1) has
reported, however, that HeLa and KB cell lines
treated with 0.1 mg./ml. yeast RNA for
24 hours prior to 700 r gamma radiation show
no protective response, in contrast to amnion
and other established lines. This differential
action of yeast RNA rules out the likelihood
that the nucleic acid acts as a radical scavenger
or that it increases the number of radiosensi-
tive targets.

The data in table I suggested that the radio-
response of amnion cells was correlated with

the amount of RNA added to the medium. In
spite of the high levels of cytoplasmic RNA
following 4 hours of incubation in RNA-sup-
plemented medium, however, the survival rates
following radiation indicated an increased sen-
sitivity (fig. 2).

Cell populations treated with depolymerized
yeast RNA for 2 hours appeared to enhance
radiation damage. When the 2-hour treatment
was followed by 4 hours of incubation in normal
medium, however, the cell cultures showed an
increased survival rate as compared with con-
trols (table II).

The lack of response after a 24-hour treat-
ment of HeLa and KB cells or after 4 hours’
treatment of amnion cells indicated that yeast
RNA did not, in itself, effect a decrease in the
degree of radiation damage. It is possible that
amnion cells hydrolyzed the polymerized nucleic
acid (or the oligonucleotides) to smaller molec-
ular weight substances, then synthesized
basophilic compounds from the degraded start-
ing materials. This hypothesis appeared to be
confirmed by changes in the.optical density of
cells incubated in medium enriched with
depolymerized RNA (fig. 3). The increase in
cytoplasmic basophilia, which occurred between
3 and 10 hours of incubation, suggested the rate
of synthesis of amnion RNA. The correlation
of the increase in cellular radioresistance with
this increase in basophilia implicated the re-
quirement for a specific RNA to modify the
radioresponse of the cells in culture.

REFERENCES

1. Rounds, D. E. RNA as a protective agent against
irradiation of cell cultures, Ann. N. Y. Acad.
Sci. 95:994-1000 (1961).

2. Rounds, D. E. Radioprotective agents. Cellular
response to preirradiation treatment with yeast
RNA. SAM-TDR-62-7, Jan. 1962.

3. Rounds, D. E., and W. C. Slick. Radioprotective
agents. The effects of depolymerized yeast
ribonucleic acid on radiated human cells in tis-
sue culture. SAM-TDR-62-86, Jan. 1962,

4. Brachet, J. La Localisation des acides pento-
senucleiques dans les tissus animaux et les
oeufs d’Amphibiens en voie de developpement.
Arch. Biol. (Liege) 53:207-2567 (1942).

5. Rounds, D. E., and C. M. Pomerat. The applica-
tion of microspectrophotometric techniques to
whole cells grown in tissue culture. Texas Rep.
Biol. Med. 17:364-364 (1959).

*

Schwarz, M. R., and W. O. Rieke. Appearance of
radioactivity in mouse cells after administration
of labeled macromolecular RNA. Science
136:162-164 (1962).

7. Borenfreund, E., and A. Bendich. A study of the
penetration of mammalian cells by deoxyribonu-
cleic acids. J. Biophys. Biochem. Cytol. 9:81-91
(1961).



Auo paa1asqo sem dsuodsad 2a1309301d 9y} ‘Tasomoy _ _ m_uo voﬁv.nno Sem asuodsal 3A1309j01d Ay} ‘1aA9mOl
£JIAJISUISOIPBI  PaswEaIIUl JUSWYBAI) ISEBI[PNUCQLL AJIAINISUISOIPBL  PISBAIDUL JUIWIIEAI]  IFBI[PNUOGL
‘A[98I0AUO]) -WINIPOW BY} Ul JUAIU0D YNY 3I88BaA | _ ‘A[98I3AU0)) -WINIPAW Y} Ul JUIJUCD YNY ISwL
ayj) o3 uonpzodoad uy [eAlAlIns [[20 pIseaIdul VNY ay3 03 uonaodoad ul [wAladns [[30 paseardmt YNH
15894 YA Bu[ [[90 UCIUWE UEB JO jUdWIBAI} U0} | _ 15894 YL aul [[90 UOIUWE UB JO JUIWIII} uol}
-erpeaiaad Inoy-pz © JEY) PI[BIAAL SAIPNIS 0XjlA U : -gipeiiield Inoy-pg B JBY) PI[YIAI SIAIPNIS OAMA U]
1
yoday payissspou() l Hoday payissepouy)
. | wonoejed VILSV HI “III
ﬂO.JB:OWUANh.MMQ—Mnm 111 ) .mw—ﬂs ..mn_——m ‘Pur ~dd g _ ) .% .unvzm ) ‘S§ad1 L, .mﬂ—ﬁﬂﬂ ..aa ‘Put -dd g
pue “J [ ‘spunoy °II ‘e9 18| "OULIA NI STIHD JO AINVISISFHOIA _ pus “g - ‘spunoy n €9 ‘I8 "OULIA NI STTIHD 40 IDONVISISIIOIA
20L9LL WSRL OSJV I Vi J0 dd¥Ddd dHL ANV BZEBZOO& w.md«m _ _ G0LSLL YsBL DSAV ‘1 ,..Wmux %r.%wu aﬂm%w&@aﬂﬂn& Omnm.z« EWHWWZ%%H ”aum—
TIYY0O V  L1-€9-4dL- LT1-89- -
uoyoajoxd uonerpey ‘g 40 AQDIS dALLY uoppajeld uonsipey ‘g .
T £30101q0TP%Y T -xa], ‘aseg _ _ A3ojo1qo1pey ‘g . X2, ‘osug
aamynd anssLL T JV ®jooxg ‘ouipoly 208dsoldy Jo [00Yd§ AVSQ _ _ aImnd anssiy, T JdV sjyoolg ‘sulipaly adsdsoray jo [ooyds AVSN
| R
- U _ _ O
Auo paarssqo sem asuodsex aanddjoxd ay) ‘IdA9MOYH _ _ m_no paA1asqo sem asuodsal 2A130930xd 3y} ‘A3admMOH
£J1A1JISUISOIpRI  PISBAIOUI JUIWIEBIL} ©SBIPNUOGLL AJ1AIJISUISOIPBL  PISBAIOUL  JUIWIIBAL] IseI[PnUOqLI
‘A[9819AUO) -WINIPOW Y} U1 JUAjUCD YNY IS®IA _ ‘4[9S19AU0)) WINIPIW By} Ul JUNUOD YNY Iseak
ay) 03 uorprodoad ul [BAIAINS [[80 pasBAIUl VNY _ ay3 03 uorpodoxd ul [eAlAIns [[99 paIsealdul YNY
Js¥e4 M AUl (|99 UOIUWE UE Jo JUBUNEAI} uOl} | 15834 Yym aul| I[s2 uotuwe ue JO jUIWIEII} uol
-gpeaaaad Inoy-yg ® J8Y} PI[EIAAI SIIPNIs oXjiA ujf \ _ -gipedrioad Inoy-pg B I8Y) PI[EIAM SIIPNIs OI1A U
! oday paisseu
j0day] polyIssBpPU[) _ Wodoy payisseuf)
. Uo133[{0d ul ‘111
nouoozowoﬁh.mwo_._m m 'syaa L ‘saqe} “soqyt ‘pul ‘dd g _ “ t .o«ﬁ.m.ww:m ! "sjaL % wwnaw md.__m.w.__m.mw% m
ue g - ‘spunoy - ‘89 I8 1 ST1dD 0 ADNVLSISHIOId pue “§ Q@ ‘spunoy °II ‘89 TN ‘OULIA NI STIH dq
N%pmgﬁxnmaquw.mw .MH .m%m MAO WM%WWM dHL ANV INILNOD VNY¥ _ _ BOLSLL S8l DSJV 1 ”m<om M,Mww Hnmmmwmmﬁim—mmww OWZ« .—.Wn..—m.—mzyw%a “a_m
TTAYY0D V.  LI-€9HAL-WVS - -
uoydoad uoyelpey ‘¢ 40 2dNIS IALLVIIAEO uotjoajoad uoneipey g ) \
A3ojo1qotpey g ‘Xa], ‘aseg _ _ A3ojo1qoipey °g . X3], ‘oseg
aammo> aussiy, ‘1 AV syooxg ‘aupipaly ooedsoray jo [ooyd§ VSN _ aimyno anssi], ‘T AV sjoorg ‘uwipspy adudsoiay Jo [00Yyd§ JVS
——— - -] —e——




sisoyjod Ly
Sy} pauwriyuoo osuodsax daddj0oxdolper ayy pue
SISAYJUAS YNY U9am)3q UOWIB[PLIOd Yy -juade ETNV]
-39j0adoipel 31O U® ojul SISOYIUASAX puw uonsaldip
doy parmbai awry ayy 03 anp ussq aaey Avw pousd
S1Y} Junnp asuodsal aA1309304d 8 ut Aeap ayl, ‘'VNY
Y3m uoljequoul jyo sanoy § uym Ajsudp [eanpde
paseaiour  Afjenuelsqns pa[eesal  erjydoseq o1w
-88[do3£0 Jo SjudWBINSBIUL atrjowojoydoazradsordtfy

‘Posn sem YNY 3seoL Jo a38sA
-loapAy suiey|e ue UsYM sInoy 9 o0} § je Papaodax
SBM [BAIAIDNS [[90 Ul 9SBAIOUl dWOS CYNY 15894
UM jusmiiealy uonjerpesadad jo sinoy o 03 g Iaye

‘sisayjod Ay
SIy} pounyuod asuodsor aalpdjosdoipes Yy pue
SISOJUAS YNY Usam)Iaq UOLBRLIOd Y -jusde EIN L)
-23j0adotpRl 2a1308 UR Ojul SISAYJUASIL pur uonsaldip
10y paxmbai awiy ayy 03 anp usaq aawy Aew potxad
S1Y3 3ulinp asuodsal aa1309901d ® ur Ae[ep 3yl "VNY
Hila uohjeqnout jyo sinoy p umpim A3susp jeorydo
pasvaioul  L[renjuwisqns  pa[wsaar eiiydoseq otw
-8¥1d0j4£d Jo sjudwIINSBIW duawojoydoaydadsoraty

‘Pasn sem YNy I1SBI4 Jo ajesk
“I0IpAY BuiW[® ue uUAYm SINOY 9 0} P I8 Papiodaa
SRA [BALAINE [[30 Ul 9SBAIIUI Juwlog YNY ISEIL
Y4 Juowyeay uonsipersraad Jo sinoy gf 03 g Jayye

‘stsayjod Ay
Sty pauwuiyuod asuodsar oalpadjoidolper eyj pue
SISYIUAS YNY U23M}3q UOIIB[LI0D V -juale aan
-03joxdolpel 9A130€ UE OJul SISIYIUASIL pue uonsadip
d0y painbal awy ayj 03 anp usaq savy Lewr poutad
SIY} 3uinp dsuodsai 9a1399301d B Ul ABpp 3yl ‘'¥NY
Y3m uonequout yo sinoy § wiydm ysuap [wonydo
pasealoul A[[erjueisqns pajesral eijiydoseq o
-s8[d0149 Jo sjuswainseaw stjawojeydorydadsordry

‘PIsn sem YNY 35834 1O 9jecy
“[0apAy sulfes[e ur usym sinoy g o} p qe papaolai
SEM [BAIAINS [[9> Ul 9S®3IOUl WOS ‘YNY iseak
UM quauneary uoyeiperyald Jo sinoy of 03 8 193)e

‘sisayjod Ay
SIy} pautyyuod asuodsax aardjosdoipel Iy} pue
SISOIUAS YNY Uu2oMm)aq UOIB[PII0d Yy  -juade a1}
-29301dotpel 2A10€ UB Ojul SISIYJUASIL puB uo1sadp
10y paxmbal aully 9y} 0} NP UG IAey ABW pouad
SIY} Juunp ssuodsar aa1pajead e ur Sejap ayg, ‘VNA
YpA uoljequoul jo SInoy p uiyiim Ajsuap jesydo
pasealour Aenuwisqns pa[edsar  eijiydoseq o
-s8[d0j£d Jo sjudwINsEI W dujewiojoydorzradsoldn g

‘pasn sem YNY 1seaf jo ajesk
-[0IpAY Bul[exy[® ue USYm §INOY 9 0} § IB PapPivIad
SBM [BAIAINS [[80 Ul 98BAIIUL BWOS “YNY I58aL
Ym juaunealy uonelpeirazd jo sinoy I 0} g 43yy%

A A TR, e R e "B



